An OpenLab learning course, taking place in both class room and wet and computer lab, was used to explore the image on bioinformatics reflected by undergraduates and students. Three main aspects were investigated. First, what is their opinion about the bioinformatics working environment? Second, how can biological, mathematical and scientific knowledge increase and third, do epistemological beliefs change during attendance of a specific course? A total of 735 persons were surveyed with two different, newly designed, questionnaires. The participants consider bioinformatics more biological than graduated scientists. The increase of knowledge is significantly higher when doing additional data analysis and computer work than working only in the wet lab. We found also a significant change in the epistemological beliefs. Therefore, we recommend a data analysing lecture and online-support in an OpenLab-course. Respectively, we recommend an interdisciplinary introduction to bioinformatics.
INTRODUCTION
Bioinformatics as an interdisciplinary science is best suitable for an introduction to both students and undergraduates to show them the best approach to science. To verify this, we established a course module for starters in biology and bioinformatics, including an e-learning platform and practical works in wet and computer labs. The participants were asked for their opinion on bioinformatics (similar to Barton, 2008) , science and the nature of knowledge and knowing. We compared their view at the beginning and at the end of the course with the help of standardised questionnaires.
Epistemological Beliefs
The bases of scientific work are appropriate techniques in the laboratory and at the computer. First, an experiment must be planned and realized, an object has to be described, measured or modified. The collected data must be checked against a preformulated hypothesis. This evaluation is often associated with mathematical work on the computer. However, even in natural sciences, it is not always possible to make unambiguous statements. Due to the subjective understanding of science (= epistemological belief), every person has their own view of science and its limitations. There is no doubt that with increasing experience in science, this understanding will change (Urhahne, 2004) .
History
Epistemological beliefs, or beliefs about the nature of knowledge and knowing, have been subject to research for 50 years and are still a target of high research interest (Conley 2004 , Billett 2009 , Porsch 2010 .
The study of epistemological beliefs began with the work of William G. Perry (Perry, 1968 (Perry, /1999 , who in the late 1950s interviewed Harvard college students using open interviews about their experiences and insights during their college years. At the beginning of their college time students believed that knowledge was passed from authorities to students as simple, immutable facts. At the end of their degree, however, they concluded that knowledge was complex and changeable, and based on rationale and empirical studies (SchommerAikins, 2004 ). Perry developed a nine-step scheme of intellectual and ethical development, in which he describes the mental changes of the subjects.
Starting with these initial studies further research analysed the epistemological beliefs using mostly longitudinal studies and proprietary models. King and Kitchener (1992 , 1994 , 2002 ) developed a seven-step development model based on interviews (i.e., the Reflective Judgement Model). This model represents epistemological beliefs -similar to Perry (19??) -in one dimension. According to King and Kitchener (1992; Urhahne, 2004 ) most senior level college students reach most commonly level four, the "quasi-reflective stage". Here knowledge is vague and ambiguous.
With the works of Schommer (1990 Schommer ( , 1992 Schommer ( , 1995 Schommer ( , 1998 ) the access to explore epistemological beliefs changed: From this point of view they are not seen as a single, continuously changing construct, but rather as a complex system of independent ideas. In her works she analyzed these components with quantitative questionnaire. Four layers were found (Schommer-Aikins, 2003) :  Stability of Knowledge: never-changing vs continually evolving.  Structure of Knowledge: scattered pieces vs strongly interacting concepts.  Speed of knowledge acquisition: very fast / never vs step by step.  Ability to learn: from birth set vs lifetime improvement. A fifth dimension, the "source of knowledge" (passed by authorities vs purchased by empirical evidence and logical thinking) was suggested by other researchers in questionnaire studies (Jehng, 1993; Schraw, 2002) .
Determinants
Various factors influence the development of epistemological beliefs: Culture: In most models one expects an interaction between the learners and their environment. Therefore, it is obvious that culture has serious impact on people`s behaviour. The factor structure of Schommer (1990) could not be replicated in other cultures. This suggests that this model (and maybe other models too) is not transferable to other cultures and that there are appropriate cultural influences on the development of epistemological beliefs (Chan, 2002; Tasaki, 2001) . Gender: Gender differences were already predicted and studied in the 1980s (Belenky, 1986; Baxter Magolda, 1992) . Nevertheless, these results are not unambiguous. Bendixen (1998 ), Chan (2002 , Buehl (2002) and Conley (2004) found no differences, whereas Wood (2002) , Schommer-Aikins (2002) and Hofer (2000) found gender-specific variations in each dimension. For instance, the latter describes, that women at the beginning of college consider knowledge as less secure and rely less on authority than their male colleagues. Age and education: The studies cited above were conducted among older adolescents and young adults, presumably because the researchers worked in higher education. The studies with younger participants reveal the following results: pre-school children show a pre-dualistic stage, in which only the personal view is accepted as true and equal coexistence is not accepted (Burr, 2002) . Among primary school children different dimensions and stages of development of the epistemological belief of different models could be shown (Conley, 2004; Elder, 2002) . Obviously, education shows a greater influence on the formation of epistemological beliefs than age (Conley, 2004; Schommer, 1998 (Hofer, 2004; King, 1994; Perry 1970 Perry /1999 . These approaches resulted in one-dimensional models of the development of epistemological beliefs; later multifactorial theories were developed on the basis of questionnaire surveys (Belenky, 1986; ; Hofer, 2002; Jehng, 1993; Schommer, 1990) . Wood (2002) showed that the questionnaires had specific problems with reliability and reproducibility. On several occasions difficulties with the questionnaire by Schommer were described (Clarebout, 2001; Qian, 1995) .
Open Labs
OpenLabs are widely used for extracurricular education of students, especially in physics and biology (Anon., 2011). There, classes are invited to special courses, doing experiments on their own. Engeln (2004) and Euler (2005) Since 2008 the OpenLab in Hagenberg, Austria (lab-xperience, see www.lirk.at/lab, in German) has been offering schools the opportunity to both conduct molecular biology experiments and to evaluate the data online, using partly specially developed computer programs (Fig. 1 ). This module is also used for first year undergrads in bioinformatics. Other OpenLabs in Germanspeaking countries have either wet lab or information science courses.
The aim of this study is to determine a possible change of epistemological beliefs and the growth of knowledge among students in the course of the project (preparation, laboratory work, data analysis).
Figure 1: Sequence of an OpenLab-"project": the lecturer introduces the subject to the class. The students work independently with the provided online information (top). After that they collect data in the wet lab (right). These data are further evaluated using the computer (bottom) and stored for further investigations in a database (left). In this way we obtain a larger amount of data. Following classes can anonymously access these data and carry out more accurate statistical analysis.
METHODS

Infrastructure
The e-learning-platform is based on PHP 5 with a mysql-database, accessible via www.lirk.at/lab with a personal password for each lecturer and participant. First the lecturer selects the background of the students or undergraduates, e.g., lab techniques, statistics, algorithms or genetic testing. Depending on this selection, a specific learning task is assigned to the students.
The wet lab has 15 equally equipped workplaces. Larger classes were split during the period of DNA isolation and PCR.
Questionnaires
Two questionnaires were conducted during our study: First, we asked students about their view on bioinformatics in a Likert-scaled (1-5) questionnaire with 44 items about job profile, the required expertise of a scientist in bio-information sciences, their scope of tasks and duties and their working place. These data were compared with the answers given by graduated students.
Based on their experience, we divided the surveyed in four groups:  External: 87 students who have never heard anything about bio-information sciences before or had a first visit to our OpenLab.  Pre: 65 students were interviewed before the start of the wet lab section of an OpenLab course.  Post: 77 students were asked after the wet lab course.  Standard (=Graduates): 29 graduates were asked as a standard group. They had completed at least a five-year degree in bio-information sciences. They worked on bio-information science projects already in the second year of their studies and did both their Bachelor`s and Master`s degrees with companies or institutes for about two years. Some of them were asked about their view on bio-information sciences some years after completion of their degree and extensive work experience in that field.
On the other hand, the epistemological beliefs and the growth of knowledge in bioinformatics were explored. Unfortunately, existing questionnaires (e.g. from Schommer, 1990 ) lack of poor reliability and inconsistency in factors (Wood, 2002) . Therefore, in a first step, a separate questionnaire was developed (also Likert-scaled), measuring the factors of scientific sources, development, methodology and review. In parallel, in the same questionnaire, the increase of knowledge was determined with 22 items. This questionnaire was given twice: before the wet lab course started (i.e., pre-test) and after the lab work or after data analysis respectively (i.e., post-test). The test consisted of questions and single choice answers about DNA, molecular biology methods (PCR), scientific working and statistics.
Over a period of two years, about 30 classes were surveyed in four phases. The students and first year undergrads did the following (Table 1) :  Phase I: 161 conducted the wet lab experiments including an oral presentation, but without online support (flash-animations, computer programs and bioinformatics analysing tools).  Phase II: 147 conducted the wet lab experiments and additional presentation of data analysis and bioinformatics tools.  Phase III: The online platform was presented to 127, but hardly used. Therefore, this phase is nearly the same as phase II.  Phase IV: 42 participants performed the entire project including the use of the online platform. All questionnaires were paper-based. The answers were transferred to MS Excel and exported to SPSS. The statistical analysis was done using SPSS 17.
Class Project
Most frequently, both students and undergrads chose a module called "CSI Hagenberg". There an ALU-Sequence (Alfred-DB UID SI000152I, Rajeevan, 2011) in the DNA of each participant was analysed (Batzer, 2002) . In phase IV of our study the following steps had to be taken:
Online Preparation
Before coming to the wet lab, the participants had to take some preliminaries on the computer:  Reading operating instructions.  Watch some flash animations of working skills (pipetting, preparing a dilution series, procedure of PCR, etc).  Solving some tasks (calculating centrifuge acceleration, finding primer sequences, Calculation annealing temp cf. Robertson, 2008) .
 Learning about the rules of Mendalian inheritance and human pedigrees with computer programs and games.
Working in the wet lab
The course lasted app. 5 hours. In this time particpants had to isolate DNA and a PCR had to be completed. PCR was carried out with a VWR thermal cycler for 35 cycles, followed by an Agarose gel electrophoreses. The result was a picture of the gel with a DNA-marker and 1-2 fragments for each participant.
Presentation biology
While PCR was running, the Mendelian rules and PCR technique were repeated and the biology of ALU-and VNTR sequences were described.
Presentation of bioinformatics
The biological explanations were supported by different bioinformatic databases and tools and the algorithms behind them were briefly explained:  Genebank for searching the special ALU sequence.  DotPlot for comparing the sequence with/without ALU and showing the poly-A-part inside ALU.  Ensembl-Blast and lAlign for seeking the primer sequences in the human genome.  Sometimes clustalW for creating a phylogenetic tree of ALU-Sequences.
Data analysis
After producing genetic data in the wet lab and explaining both biology and the tools, the participants worked on their own data. Therefore, we strongly recommend a following (computer based) data analysis conducted by students for OpenLabs. This results not only in higher domain knowledge, but also in a better understanding of science and therefore in a more accurate development of higher order epistemological believes. By providing such an approach as mentioned here, students can develop a deeper insight into this discipline resulting in a great step towards a deeper understanding of science.
The limitation of the study is that only three small classes have been carried out so far in phase IV (a longer project time with online support). In future research, this number will be increased.
